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(54) CnOCOB H3rOTOB/lEHHfl TOOPHPO- 
BAHHOrO CTAXIbHOrO n/tACTb!Pfl 
(57) CytUWCTb M3o6peTCKMji: TepMoo6pa6oTKy 
nnacrwpfl Toxa*w awcoxo* nacToxbi ocymecr- 
8/iriot nocne ro<J>p"poBaHna. a cMa30MHUM 
c/ioft hbhocat nouTOpHO noc/ie ox/iaacAenwa. 
npeAnaraeMbi^ cnoco6 n03oo/weT aa c«eT no- 
BtxuieHH* n/iacTvwHbix cboACtb MeTan/ia na- 
AeacNO o6ecneM«Tt> repMe™3auwK> 
peMOHTupyeMoro yMacTKa CKBa*Mxt<. 1 raS*. 



HaoBpereHMe othocwtc* k o6pa6oTxe Me- 
Taiina AawiOHv<eM % e MacrHOCTrt x TexHOflomn 
MsroToaneHHn ro4>pMpoB8HHbix rpy5. 

Ochobmwmw on«paun«Mw b TexHonorMMe- 
ocom npouecce wsrOTOBfleHwn tohkoctchhux 
rcxt>pHpoBaMHWX Tpy6 aB/iaetc* xonOAna* Afi- 
4>opMauMfl. .HanpwMep ao/K>4eMi*e m npoxsnca 
tpyh, xnMMM6CKa« o5pa6oTxa. YepMM«*ecx8R 
o6pa8otxa a** chatw» ocTaTOMKwx Hanpaxe- 
hh(4, Boawutcaiomttx b peaynbYare AC4><>P Ma " 
nww it npo^yi^MpoeaHMii mctoaom NdtcaxKM. 

M38CCT3H CnOC06 W3rOTOB/ieHW* Tpy6 C 

npoAonbM^MW rotfrpaMM nyreM aayxSTanHoro 
<t>opMOB3Hwa Tpy6b«'3aroTOBKM. npwseM Ha 
nepBOM 3T*ne ee ro4>pwpyiOT paAMa/ibHyMM 
yCM/iwjwM. a hb btopom 3Tane o6**m3iot b 
npo4»vt^HpoaaHHOH BO/io*e. 

OAwaro »o3Hn»cai6iuMe b pesynbTare 
c/igwhow A^>opMauMH ocTdtosHwe HanpH#e- 
hmp ne a*w AocraToiHOtf nonepeMMOft npoM- 
hoctm . MQiann ct3hobmtc« xpynicwM h 



HenpnroAeH b xaMectBe .mactupa np* pewon- 

TB 06CaAHOft KO/lOHHW 8 CKBa^HC. 

fliia CH«TH« ocTBtOMHbix nanpsuxeHw* rpy- 
6u noABepraiOT repMUMBCKOH o6pa6oTKe - ot~ 
x<wy b nesax Twna flCO-06 wi* r -0-09 w 
nonyMenMfl na Tpy5ax omcnoto n/icnKH. bw 
nonnnioiueM ^hkumh noAM03OMHoro noxpu- 
tmr w o6noAaioiAe^ aoct3tomhom 
nopwcTOCTbK) n aACOp6unonHOft cnoco6wo- 
CTbtO k CMd3<e. 

MsBecreH Taiwe cn6co6, npw kotopom 
TOHKocTeHHwe npo<t>w/ibHbie TpyOw npaem 
pacTw^eHHOM m pa3AaMe« c narpeBOM «a anex- 
TpoTepMWMecxoM o6opYAoeaHMM. CHana/ia 3a- 
rorOBxy Tpy6w narpeBatOT tok3mm 
conpOTHBWHMPi ao TBMoepaTypb* o™ra, a 
38TCM tioc^e oxnaxAeHMii pa3Aa»or npw homo 

HeAOCraTOK cnoco6a 3ax^30MaeTcn a tom. 
HTonpvt Hanoxennvf rmacTwp$* ^3 HBOTOXHCen- 
hwx Tpy6 MO^eT npowcxoawtb paspue no 
npo<>M/ibHOft ot>pa»y»ome^. 5 npw Hano^eHww 
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o/iacTupa n3 oTox^enHwx ipy6 c nocnenyo- 
mwM ro4>pMpo»aMweMMOMCT r.ponCxOA"Tfeo6~ 
pa3oeaHwe.Mt*KpoTpemwH bo enaAwnax m na 
ewCiynax npoAO/ibHbix ro<J>P npn ag<J>opm3uhh 
mx ao utAnu^APWMecKOri <J>opMw, xorAa ee nnov 
ho npn*wM3K>T (HaxaTbiaaK)!) aopHnpy»oiueft 
ronOBxo* k anyTpeHHei^ noBepxnocTvi o6caA- 
ho* ko/iohhw. B pesy/ibTare ne o6ecnem/tB3- 
e*rcft HaaetfHocTb repMeTwaauvm *3-3a 
MM3KOM n/iacTMSHOCTVf MeTanna ro^pwpoeaH- 
HOro nnacTbipa. 

Ue/ibK> n306peTehn« aanAeTCA noBuwe- 
Hwe HaaewHOc™ repMeT*3auMw o6c3*eHHoa 

MeTanna nnacTwpa. 

CymHOCTb M3o6peTeH^fl 3aKnK>MaeTca b 

TOM, MTO TepM006pa60TKy TOK3MH BblCOKOW na- 

ctotw ocytueCTBn»K)T nocne ro^pupooaH^. a 
.3aTeM noBTopHO HaHOcsrr CMa30MHbi& cno*. 

B pe3ynbTaTe 3HaKonepeweHHb»x Ae<}>op- 
MauuA, kotopwm noAaepraeicfl MeTanna Tpy6 
npw ro^pupoeaHMii kax e npouecce K3roTOB- 
iteHMfl nnacTbipe*. Tax n npw paaAase e npo- 
uecce yCT3M0BXV» b cxaaxuHax. npowcxoA"T 
3MasviTenbHoe ynpOHH6Hwe MeTanna. npuneM 
Hau6o/ibtune 3naMeHMB ynpOMHenvt* npwxoA" 
»tc« Ha BnaA^Hbi rocppwpOBaHHwx Tpy6. 

M3MeHeniie TaepAocm (Hv) CTan* Mapxvi 
10 npn TapM006pa6oTKe» ro<J>pnpoeaHMvi vi 
pa3A3^ rinacTbipa no*a33HO b T36nwue. 

1/13 Ta6nvmw bwaho. MTOTeepAOCTb MeTan- 
na nnacTupa nocne pa3MaM* a o6caAHOft Tpy- 
6e AOCTuraeT Haw6onbujux 3m3M6hmw, ecnn 
nnacTbipb w3roTaBnwBanca vi3 neTepM006pa- 
6OT3HH0* Tpy6u. npw n3fOTOBneHHM nnacTbi- 
peft H3 npeAeapviTenbHO TepMoo6pa6oTaMHbix 
xpyrnbix TpyO npw ro<J>pvtpOBaHvm TBepAOCTb 
MecxofibKocHviJKaeTCfl nocpaBMeHki«3c HeTep- 
MOo6pa6oTaHHfcJMvi 3aroTosi<aMU. ho nocne 
P33A3mw TBepAocib B03pacTaeT hohtm ao tow 
*ce BenwMMHw. mto w 6es TepMOo6pa6oTxw. Do- 
cne TepMusecxoa o6pa6oTxu ro<J>pwpoBaHHwx 
Tpy6 c warpeBOM tok3mw bucokow mbctotw 
TBepAOCTb mx CHurcaeTCR 3HaMWTenbHO, a no- 
cne pa3A*™ oh3 Mewbiue. mbm y neTepMOo6« 
pa6oTaHHwx. 

B oTjiwwe ot neMHoro una raaoeoro Ha- 
rpeea npu o6pa6oTKe aaroroBKw ToxaMW bwco- 
xoa MacioTw npoucxoAWT He3Ha4wTenbHoe 
M3MeHeK»<e 4>opmu ee npo^wta. Ha noeepxHO- 
ctm Tpy6w o6pa3yeica tohxh* cnoa oxanwiw, 
KOTOpwM He oTcnawBaeTcw b npouecce Ae<t>op- 
Mauwn - pa3AanM. CMa30MHww enow nanocnT- 
cp Ha BHyTpcMHioto no&epxnocTb 
oTo**enHbix npoAonbHo-fO^pMpoBaHHbix 
Tpy6 nocne ux oxna^Aenwa. Oh npeAOxpanneT 
BHyrpenniOK) noBepxMOCTb ot xoppoanonHoro 
pa3pyuieHM$i B^po^ecce 3iccn/iyaTauwi*vicww- 
^enn» occobtx ycwnvsPi b npouecce pa3Aa^M 
nnaCTbtpei^. 



n p vt m e p An» peMOHTa o6c3ahoh ko- 
DOHHbi AviaMeTpoM 1 46 MM c to/iiuwihoPi CTen«Kt 
8 mm nnacTbipb M3roTaanHfiaK>7 vi3 tohxoctcm- 
hom Tpy6bi iinaMerpOM 130 mm c TOnttiMHoft 
5 cTeHKH 3 mm n3 ctann MapKH 10. AnwHa Tpy6w 
9-11.5 m. 

Ha BHyTpeHHioio noaepxHOCTb Tpy6w na- 
hocpt cnovi rpa<t>nTOBOH an* Apyoft cm33Km. 
npeAH33HascHHO^ An« CHtweHW* yen/inn ro<|>- 
10 pwpoB3HMfl. ro45pwpOBaM&e UHHVlHApWMeCXOH 
TpyObt npovi3BOA^T na cneuvtanbHOH ycTSHOB- 
xe nepe3 po/inxoeyK) ronOBtcy c BHyTpeHHew 
npo4>wnbHOM onpasKOM. rtonyMaeTCR npOAo/ib- 
H0-ro<J)pvip0BaHH3» Tpy6a c Hapy*HUM A^a- 
15 MeTpOM 116 mm h MncnoM ro<tjp 6 unvi 8. 3aTeM 
npon3BOAMTC« pnxTOBKa ro<t>pnpoBaHH0i7! rpy- 
6w nocne OTpesxn ee na aaAawnyio Annny. 

3aieM npOM3eoA^TCR TepMMMecxaR o6pa- 
6oT^a npOAonbHo-ro<t>pHpoBaHHoi?t rpy6w - 
20 HopManH3auwfl c narpeBOM TOxaMw bwcoko^ 
MacTotbt na ycTanOBxe BHT 30/6. Hpvi stom 
npoAonbH0-ro$pwpoB3HHafi T Py 6a ycTaHaa- 
nneaeTC« ropM30HTanbMO Ha ponwKOBbix ono- 
pax wt c onpeAeneHHOrt cKopocTbK) 
25 npoAB^ r seTCfl sepe3 wHAy»<TOp. 

Oxna>KAeHwe Tpy6bi npow3BOA^TCJi na 
eo3Ayxe. Cm33k3. KOTopaw 6wna naHecena ne- 
peA ro<t>pMpOBaHMeM. awropaeT. 

Tax xax b cxBa>xwHe npw ycTanoBxe nna- 
30 CTWpfl & HHTepBane p©moht3 n pow3BO awtcw 
pa3AaMa nnacTbipa ao xpyrnovi <J>opMb« m npva- 
>xatviR k CTeHxe o6c3ahom Tpy6w. to npw 3tom 
B03HMK3i0T 6o/ibUJne KOHTaxTHbie Harpy3K« 
Me>KAy nnacTwpeM h wHCTpyMeHTOM a^« pa3- 

35 A3M*. Rf\* CHHXeHH» 9TMX H3fpy30X H3 anyT- 

peHHto^o nOBepxHOCTb nnacTWpft h3hocwtc* 

BTOpWHHO CMa30MHblM CnOti, KOTOpbl^l cny*wT 

xax Ann chu^entirt ycunnCi, B03Ht*xaK>mMX npw 
pa3Aa^e nnacTb»p«, tbx m Ann npeAOxpaHeHwa 
40 3toA nosepxHocTM ot xoppo3wOHHoro p33py 
tueHMJi e npouecce axcnnyaTaunw. 

CoMeTaHHB TepMMnecKOii o6pa60TKM nna- 
CTwpeft nocne ro4>p«poaaHMfl w H3H-cenwe 
CMasoMHoro cnofl H3 BHYTpeHHlOiO noBepX- 
45 HOCTb nocne TepMUMeocoa o6pa6oTXM no3BO- 
nflK)T noewcviTb n/iacTviHHocib MeTanna 
nnacTbip o6ecneMnTb 6n3roA3P« 3*OMy na- 
Ae>KHOCTt» repMeTM3auuin peMOHTupyeMO^i 

' CKBaWUHW. 

50 

d> opMyns vi3o6peieMvt» 



Cnoco6 M3fOTOBneHM« ro<t>pwpofi3HHoro 
cTanbHoro nnacTwpa, npewMymecTaeHHO ana 
55 peMOHTa o6ca*eHHoa cxBa^vtHbi. BKmo**3*o- 
mni^ TepMOo6paGoTK V aaroToaxu. Hanecenne 
CMaaOMHoro cnoa na BHyipeHH>oto noeepxHocrb 
aaroTOBKM m ee ro<t>pwpoBaHt*e. oinviMdioiu^- 
c fl TeM. hto. c uenbK) noBbiuiCHH» naAoxnocTw 
repMe-m33uwu oeca^eHnofi ckb^^hhw nyiew no- 
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BbiuieHMB nnacTMHMocTM MeTa/ina n/iacTwpn. ocyuteCTB/miOT nocne ro<$>rMpoe3HW<j. a abtbm 

TepM006pft60TKy TOKaMM BUCOKOfl ««aCTOTU nOBTOpHO H8MOCHT CMBSOthbllJ C/lOft. 



I/ICX0AHO6 COCTOn- 
Mwe MaTcpna/ia 




BKtt o6066otkw 




Ao ro^pMpoeaHHfl 


floc/ie ro4>p«po- | 


TepMOo6pa6orRs 
nocne ro<(>pnpoaa- 

HMfl (HOpMa/1M36- 

UM») c HarpeeoM 

TOKSMM BWCO- 
KOM MaCTOTbll 


nooie pa3A3M^ 


Eea T6pMOo6pa- 
6onricw 


1570 


1750 




2020 


C TCpM006pd50T- 


1350 


1660 




1966 


6es TepMooGpe- 

60TKM 


1570 


1750 


1350 


1750 

I 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fad thai, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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